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Abstract: Polyamidoamine (PAMAM) dendrimer are well known non-viral vectors for gene delivery application. Espe-
cially, PAMAM conjugated with amino acids have enhanced cell uptake capability and low cytotoxicity compared to
other non-viral, vectors. Moreover cystamine core PAMAM has an ability to degrade inside low pH of endosome leading
to ease release of biomolecules. In present work, we designed y-amino butyric acid (GABA), histidine, arginine modified
cystamine core PAMAM. GABA has four carbon chains that plays a role as flexible linkers, hence easy interaction with
cell membrane. cPAMAM-GABA-HR synthesis was confirmed by '"H NMR. We performed gel retardation assay, DNA
release phenomenon of cystamine core PAMAM using DTT. We measured size of polyplex by DLS and AFM. Cyto-
toxicity was examined by WST-1 assay and transfection efficiency was confirmed using reporter plasmid in HeLa cells.
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Figure 1. Structure of cystamine core polyamidoamine generation
4(cPAMAM G#4).
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Alef 2 XY=, Cystamine core polyamidoamine generation 4
(cPAMAM G4)¢} N,N-dimethylformamide(DMF), triisopro-
pylsilan(TIS), trifluoroacetic acid(TFA), N,N-diisopropylethy-
lamine(DIPEA), DL-dithiothreitol(DTT), piperidine, 25 kDa
polyethylenimine(PEI25kD), ethidium bromide(EtBr)= Sigma
aldrich(Seoul, Korea)ollA] ul&}3]c}.

Fmoc-Arg(pbf)-OHS} N-hydroxybenzotriazole(HOBt), 2-
(1H-benzotriazole-1-yl)-1,1,3,3-tetramethyluronium(HBTU) =
Anaspec(San Jose, USAYPIA 03132, Fmoc-y-Abu-OHS}
Fmoc-His(Trt)-OH= Novabiochem(San Diego, USA)PIIA
ull 5} 93 T}, Fetal bovin serum(FBS)2} dulbecco's phosphate-
buffered saline(DPBS), dulbecco’s modified eagle's medium
(DMEM), 100X antibiotic-antimycotic agent~ Gibco
(Gaithersburg, MD, USA)ol|A] -1l 3% t}. Diethyl ether=
JUNSEI(Tokyo, JapanPlX] ull31$332, Micro BCA™ Protein
assay kit= Thermo scientific(MA, USA)o A -ull 3} T}
Ez-Cytox reagent= Daeil Lab Service(Seoul, Korea)ol| 4] -
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Figure 2. Synthesis of cPAMAM G4-GABA-HR.
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AEZ 548 dolrr] 98] WST assays 33ttt Al
£ human epithelial carcinoma A<l HeLa M| XFE o] &
3T 96 well platel] 109H7/welle] M| 2ZE 37°C, 5%
CO0A HjFgith thx &2 2= PERSKD, PAMAM G4,
cPAMAM G4E A& o, iz =23 cPAMAM G4-
GABA-HR &g uFet Aol 747 H-g s d=
A7 F, 37°CollA 24417 F1t viFsiaATt. 2t wellell=
10 uL 2] Ez-Cytox reagent(daeil lab service, Seoul, Korea)
= Agste] thAl 37°Col A 2417 i skt ELIZA
(VERSAmax, Molecular Devices, Sunnyvale, CA, USA)=
450 nmol|A] §45=5 3Tt
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carcinoma AM|2Z%1 HelLa MZFE ©]-8-3l3t}. 24 well plate
ol 208Hwell AIEE 37°C, 5% CO,0NA 24A17F <t vl
st} iz 22 A3 PEI2SkDE pDNA(PCN-luc)} 5
FH] 2:12 FH|33L PAMAM G4, cPAMAM G4 pDNA

S 412 F1) 38 Th cPAMAM G4-GABA-HRE=
pDNAS} &) 4:1, 81, 12:1, 16:12 8|5k 30% <t
complex3}$3Th.

Z} welll] 4013+ complex A1 8= *]2]dle] 37°C, 5% CO,
o|A] 24X 7HERt vlSSBIATE. 24417 T 2] vl S A
718}aL, reporter lysis buffer(Promega)E x5k 30% &<t
Hk3-sl At} Zhzte] AdEalol] luciferin agent(Promega)S *|
2]3te] Lumat LB 9507(Berthold Technology, Bad Wildbad,
Germany)® F=& SAsIATH 23w T d o] A
Micro BCA™ Protein Assay(Pierce, Rockford, IL, USA)E
AFE-3Fe] 2A]17F WHS & ELIZA(VERSAmax, Molecular
Devices, Sunnyvale, CA, USA)Z 570 nmolA] S34=5 =4
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Figure 3. 'H-nuclear magnetic resonance spectroscopy ('H NMR)
result of cPAMAM G4-GABA-HR.

Con Lane 1 Lane2 Lane3 Lane 4

Figure 4. Agarose gel retardation assay result of cPAMAM G4-
GABA-HR and plasmid DNA polyplex. Plasmid DNA only (Con),
weight ratio of polymer:DNA =1:1 (Lane 1), 2:1 (Lane 2), 4:1
(Lane 3), 8:1 (Lane 4).
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Figure S. Agarose gel plasmid DNA release test result of cPAMAM
G4-GABA-HR and plasmid DNA polyplex. Plasmid DNA only
(Con), weight ratio of polymer:DNA =2:1 (Lane 1), 4:1 (Lane 2),
8:1 (Lane 3).
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Figure 6. Dynamic light scattering measurement result of
cPAMAM G4-GABA-HR and plasmid DNA polyplex (weight ratio
of polymer:DNA = 4:1).
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A&, Complex testE 3l <13t Z2|, pDNA &3] <]
BFE Fels] flsiA A dAnAE S o] &g H8A o
b BFE S A= 5] Agshr] Al=tsh
iz thH] 4«] U3 %] pDNAS W=E3I9d Z2:

FHDHZ FH)5F] complexE FAJTHES 308
‘:}. Glassoll HAEZ 247F &%F 8] 2
oA Zd & SAITE. L A 100~200 nm®] 1
& 7T YAIES I AATH(Figure 7).

MNZ =4 M8. cPAMAM G4-GABA-HR9| F&=o] w2
AZ 54 =g golr] 98l HeLa MEFTE ©]83 WST
assays T4t th® 21 PEI25kD, cPAMAM G4%}
cPAMAM G4-GABA-HRE 77} 0.125, 025, 0.5, 1, 2 pg/
uLZ FH|sle] M2 = HZ X283tk Ez-Cytox
reagent(Daeil lab service, Seoul, Korea)E& Ul ELIZA
(VERSAmax, Molecular Devices, Sunnyvale, CA, USA)=
FYEE 24390k 2 A3 AE 540 S i
A2 PERSKDE w9 =8 AX =42 HoL Folsly]

t}. cPAMAM G42] 7%, 557t 5718= PEI2SkDX.t}
= v e A E BXHE 2t AL Fold S YAt
cPAMAM G4-GABA-HRQ| 3%, =7} S7184E M X
=Xo] ZFA Z7FslA] 9k PEI25kDS} H|wgS wf 3A]3]
Lo =49 weth o]H e 4HE 3] cPAMAM G49
GABA-HRE =FO2HA AIE 54o] Soe AL 2}l

g &= A tH(Figure 8).
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Figure 7. Atomic force microscopy result of cPAMAM G4-GABA-
HR and plasmid DNA polyplex (weight ratio of polymer:DNA =
4:1).
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Figure 8. Cytotoxicity assay result of cPAMAM G4-GABA-HR in
HelLa cells.
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Figure 9. Luciferase assay result of cPAMAM G4-GABA-HR in
HeLa cells at each of weight ratio. Data are shown as mean+stan-
dard deviation (n=3). ***p<0.001.
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